Standing-wave excited XES and RIXS:

new tools for buried interface studies
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4 Intro. to standing wave-wedge technique for
probing buried interfaces:
Prior example - Photoemission results for Fe/Cr;
Fe-2p, -3p, Cr-2p, -3p photoemission, incl. MCD

 New results: XES/RIXS for Fe/Cr:
Fe-Laf emission intensities, incl. MCD
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Permits using all relevant soft x-ray spectroscopies o a single sample:
PS, PD, PH; XAS (e- or photon detection), XES/RIXS in MCD, MLD
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The Standing Wave-Wedge Method
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Probing Buried Slope ~
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S.-H. Yang. B.S. Mun et al.,
Surf. Sci. Lett. 461, L557 (2000);
Phys. Cond. Matt. 14, L406 (2002)
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X-ray Optical
Calculations :

Calculating XRO effects on spectroscopy--Yang

-n(hv) = hvemission

1-8 (hv) * iB(hv) hvincia (S, p, RCP or LCP)
-variable polarization 0
\"
-multiple reflection/
refraction
o nv= Ony" 9. Vacuum, V,
-exact treatment of 04

interlayer intermixing 1st layer i
a/o roughness

-electric field at i-th
layer:

I(z) = IE/(2)+E(2)

Photoemission: Td_
1

-diff ial -

differential cross JFZGi

section

-surface refraction
X-ray emission: !Egg!!g!g ;!s— I'!s!;!s | Bs!
y 4

-fluorescence yield

-inelastic attenuation

Multilayer PS, XES--S.-H. Yang et al., Surf.Sci.Lett. 461, L557 (‘00); J.Phys.C.M. 14, L406 (‘02)



Experimental + Calculated
Photoemission Yield Ratio

I(Fe 3p)/I(Cr 3p) from Fe/Cr wedge
on standing-wave multilayer
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S.-H. Yang. B.S. Mun et al.,
Surf. Sci. Lett. 461, L557 (2000);
Phys. Cond. Matt. 14, L406 (2002)
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Fe and Cr 2p magnetic circular dichroism--probe of y-axis magnetization
Fe and Cr 2p MCD data from FeICr wedge/multllayer
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S.-H. Yang. B.S. Mun et al.,

Surf. Sci. Lett. 461, L557 (2000); _
Phys. Cond. Matt. 14, L406 (2002) Plus similar results for Fe 3p and Cr 3p



0 X—> 1<Composition Magnetization— 0 Sat’n

- — — — — —bh —b
———— |, 8 A Fe
Fe + Cr e — e e e e = -12.5 A
i - . —_— - P P - — A Cr
lntermlx) - - - - - - - - - >>— 21.1 A
- - P - - - P - -
epth-
From }' Atomic — Depth (2) T resolution
I(Fe3p) X _  1-X  moments: mc P | Bestfit ~+9.3 A
r
I(Cr 3p) H— e S —
Fe 2p - Fe 3p 114
21.5 : o~
Fitting core PS 21,007\ 13
experiment to XRO o 2 o\ 12
theory: non- S 204 1 §
destructive, % 105 10 1
$
depth-resolved s P 9 2
. .. g 5o { Crze 12
determination of W 50} ‘ A\ - Lo ®
- o ay [/ v~ "\ 42.
composition and O :z A AN . %
" " " T 1 ; .0 0O
magnetization profiles 3sh' | /[ \' /// f \
30\ /,,;-/' Position B i/ /Position D | 1.6
S.-H. Yang. B.S. Mun et al., 251\ 1.4
Surf. Sci. Lett. 461, L557 (2000); 200 S
Phys. Cond. Matt. 14, L406 (2002) 45 60 75 90 105 120 25 60 75 90 105 120~

Cr thickness (A)



The Standing Wave-Wedge Method

Photo-

electron
or 1<\r3'/
X-ray .

Buried
Interface ™
3 Al,0,--13.5 A
J Fe -13A
Cr wedge—
..................... 65to 110 A
................... B,C/W
Multilayer Multilayer
Mirror 399 A -

30 periods




Standing wave excitation of x-ray emission/RIXS

in a multilayer magnetic structure
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Experimental + Calculated
X-Ray Emission Yield Ratio

I(Fe Lap)/I(Cr Lap) from Fe/Cr wedge
on standing-wave multilayer
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Intensity (arb. units)
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RIXS with Standing Wave Excitation:

Fe-L x-ray emission, L2 edge excitation, MCD

Z-position dependence
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RIXS with Standing Wave Excitation:
Fe-L x-ray emission, MCD

L2 edge excitation
Z-position (Cr-thickness) depend
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XRO modeling of intensities and MCD phase shift
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XRO modeling of
Intensity / MCD
phase shift

Top half of Fe layer
iIs magnetized

Bottom half is
interdiffused
with Cr; no net
magnetization
alongy

Cr wedge
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e First x-ray emission/RIXS results using standing wave-wedge
method: Fe/Cr-wedge/multilayer--
Fe-Laf emission intensities and MCD

e Fe-L/Cr-L intensity(
fit well with

e Strong modulation of Fe-L RIXS and Fe-L RIXS MCD
with sample scans—phase shift of 11 £+ 2 A

ratios (rocking curves and sample scans)
RO calculations

XRO calculations with

e Phase shift is reproduced b
reduced magnetization in interface

Fe-Cr interdiffusion an

e Suggests many interesting future applications
of standing wave-wedge approach
with XES/RIXS detection
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STANDING-WAVE EXCITED SPECTROSCOPY--FUTURE POSSIBILITIES

e Other material pairs in multilayer
(B4C/W, Al,O,/Pt,...) + epitaxial GMR,

mglltllalllyers 3 edplt(atX|aI2§a?:r6pAe)s FM \b\‘ exchange
e Smaller periods (to ~ : -~ .
smaller S\RI period, better resolution NM, oxide —> b::?]snsr:zlg,
e Lower hv; .. —higher Bragg : :
angles—perpend. component of M FM, AFM 4— 4— <4— <— ¢ _ J”“Ct"_’"’
‘ e X-ray emission— deeper layers, oxide multilayers
more sensitivity to SW position ‘ Si.N.O Ultrathin
hvem.e Standing X ¥ ? :
em gate oxide,
Si oxynitride
films
| 4
" 3,. ,."." Clusters,
Self-assembled

monolayers,
Polymer films,
Liquid layers,
Conc. distributions

B4C, other low density E.g., Au
W, other high

density
Microscope resolution

~30-60
periods

B4C, other low density

Three-dimensional
spectromicroscopy
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